The aim of this study was to evaluate the effect of epidural levobupivacaine on recovery from vecuronium-induced neuromuscular block. Ninety patients undergoing lower abdominal surgery were randomised into two groups after an epidural test dose: the epidural group (n=45) received a bolus of 15 ml of 0.5% levobupivacaine whereas the control group (n=45) did not. Anaesthesia was induced and maintained with propofol, fentanyl, vecuronium and nitrous oxide. Neuromuscular block was induced with vecuronium 0.1 mg/kg and monitored with acceleromyographic train-of-four at the adductor pollicis. Patients in each group received neostigmine at 25% recovery of the first twitch of train-of-four during recovery from anaesthesia. The effect of epidural levobupivacaine on the speed of recovery of neuromuscular function was evaluated. The lag time, onset time and time from vecuronium administration until 25% T1 recovery did not differ between the groups. The times of the recovery index (the time from 25% to 75% recovery of T1) and of the DUR 25-train-of-four 90 (time from 25% T1 to train-of-four ratio of 0.9) in the epidural group were significantly longer than those for the control group (5.2 [2.1] vs 3.04 [1.02] minutes and 10.8 [3.3] vs 8.2 [2.3] minutes, P <0.001). This study shows that epidural levobupivacaine significantly delays the train-of-four recovery from vecuronium-induced block. Although the interaction is small in the clinical setting, anaesthetists should take this interaction into consideration when combining general and epidural anaesthesia during surgery.
Local
anaesthetics impair neuromuscular transmission, which may enhance the effect of neuromuscular blocking drugs 1, 2 . Therefore, the use of combined general and epidural anaesthesia for abdominal surgery provides both satisfactory muscle relaxation and analgesia. Previous studies have demonstrated the interaction of local anaesthetic with non-depolarising neuromuscular blocking drugs, with both prolonged lability and enhanced neuromuscular block 2, 3 . However, the effect of levobupivacaine on neuromuscular block has not been studied. Levobupivacaine, the S-(−)-isomer of bupivacaine, is a long-acting local anaesthetic with advantages over bupivacaine in that it shows less toxicity in the cardiac and central nervous systems 3, 4 . In this study, our aim was to evaluate the effect of epidurally administered levobupivacaine on recovery from vecuronium-induced neuromuscular block in patients undergoing lower abdominal surgery.
MATERIALS AND METHODS
This single-centre, prospective, randomised, singleblinded study was conducted on patients at the Trakya University Medical Faculty between November 2008 and June 2009. The local ethics committee approved the study. All subjects were informed about the study and consent was obtained. Patients of American Society of Anesthesiologists physical status I and II scheduled for elective lower abdominal surgery under combined epidural and general anaesthesia were enrolled. The exclusion criteria were coagulation disorder, neuromuscular, hepatic and renal disease, hypersensitivity to local anaesthetic, infection at the injection site, body mass index (BMI) >30 or <18.5 and use of a drug known to interact with neuromuscular blocking drugs.
Using a computer-generated sequence of random numbers, we allocated patients into two groups: the epidural group and the control group. All patients were premedicated with intramuscular midazolam (0.05 mg/kg) 45 minutes before operation and given Lactated Ringer's solution (10 ml/kg) prior to anaesthesia. Monitored parameters were 3-lead electrocardiogram, heart rate (beats per minute), noninvasive blood pressure (mmHg) and pulse oximetry (SpO 2 in %). Epidural insertion was performed with patients in the sitting position at the T12-L1 intervertebral space after local infiltration of 2 to 3 ml of lignocaine 2%, using a midline approach with a 17 gauge Tuohy needle and loss-of-resistance to saline. A 19 gauge epidural catheter was inserted cephalad 5 cm before patients received a 3 ml levobupivacaine 0.5% (Chirocaine ® , Abbott Scandinavia AB, Solna, Sweden) test dose. Two minutes later, patients within the epidural group received a bolus of 15 ml 0.5% isobaric levobupivacaine for epidural anaesthesia. The control group received no further drugs through the epidural catheter throughout the study. The epidural catheter was later used for postoperative analgesia.
General anaesthesia was induced with 1 to 2 µg/kg fentanyl, 2 mg/kg propofol and vecuronium 0.1 mg/kg intravenously and maintained with nitrous oxide 70% in oxygen, a propofol infusion at 6 to 8 mg/kg/hour and additional fentanyl as clinically indicated. Naso-pharyngeal temperature was monitored using GE Datex-Ohmeda S/5™ (Helsinki, Finland) and the temperature maintained >36°C by means of a warming mattress and warmed intravenous fluids. Skin temperature over the thenar muscle was measured every 15 seconds via the surface probe attached to the acceleromyographic unit and maintained at >32°C. All patients were administered pharmacological antagonism of vecuronium at the completion of surgery.
Evaluation of neuromuscular block
Neuromuscular transmission was monitored using the TOF-Watch ® SX (Organon Teknika, Boxtel, The Netherlands) 5, 6 . The anaesthetist performing trainof-four (TOF) monitoring was blinded to group allocation. Once a stable depth of anaesthesia was achieved, the ulnar nerve was stimulated at the wrist with square-wave, automatically determined supramaximal stimuli of 0.2 ms duration in TOF mode at 2 Hz with 15 second intervals. The force of contraction of the adductor pollicis muscle was recorded using acceleromyography. After control TOF stimuli had been administered for approximately 20 minutes and evoked responses were stable, the first twitch (T1) of the TOF and TOF ratio were regarded as the baseline values 2 . Following maximal depression of T1 after vecuronium (onset time), the patient was intubated and ventilation was adjusted to maintain end-tidal carbon dioxide between 4.7 and 5.0 kPa using a Datex-Ohmeda Aespire 7900 system (Helsinki, Finland). The neuromuscular block was maintained with repeated doses of vecuronium 0.02 mg/kg if T1 recovered to 25% of the baseline. After completion of surgery, neuromuscular block was reversed with neostigmine 0.04 mg/kg and atropine 0.02 mg/kg once T1 had recovered to 25% of the baseline. The following parameters were measured or calculated: lag time (seconds)=time interval from the injection of the vecuronium to the beginning of depression of T1; onset time (seconds) =time interval from the injection of the vecuronium to the maximum depression of T1; DUR25% (clinical duration in minutes)=time interval from the first injection of the vecuronium to spontaneous recovery of T1 to 25% of the control value; DUR25-75 (recovery index in minutes)=after the last dose of the vecuronium, the time interval from 25% to 75% recovery of T1; and DUR25-TOF 90 (minutes) =complete recovery of neuromuscular function, namely the time interval from recovery of T1 to 25% of the control value to a TOF ratio of 0.90.
Statistical analysis
The sample size for each group (n=45) was based on previous trials of similar nature. A post-hoc power analysis was performed based on the recovery index time. The power of the study in terms of recovery index time was 99%, based on the maximum difference among groups of 2.8 (5.3 vs 3.0 minutes) and common standard deviation of 2.1, using an alpha error of 0.05. Results are expressed as mean ± standard deviation or number (percentage). The normal distribution of the variables was tested by using one sample Kolmogorov Smirnov test. Groups were compared by using independent samples t-tests (Student's t-test) or the Mann-Whitney U tests according to the distribution type of the variables. Categorical variables were compared by the chisquare test. A P value <0.05 was considered statistically significant. Statistica 7.0 (StatSoft Inc., Tulsa, OK, USA) statistical software was used for the statistical analyses.
RESULTS
Of the 100 patients included and randomised in this study, 10 patients were excluded from analysis because the TOF ratio did not recover to the baseline values due to baseline shift. Therefore, 90 patients were analysed according to protocol. The two groups did not differ significantly in age, body mass index, gender and operation time ( Table  1 ). All patients achieved complete neuromuscular block and vecuronium re-administration for maintenance of muscle relaxation was generally required only once and with similar frequency between groups. No significant differences were found between the epidural group and the control group for the lag and onset times after the administration of vecuronium ( Table 1 ). The DUR25% was not significantly different between the groups ( Table 2 ). Complete recovery of neuromuscular block was achieved at the end of the operation in each patient and additional 'reversal' after the operation was not required.
DISCUSSION
In this study we demonstrated that epidurally administered levobupivacaine significantly delayed the recovery index and complete recovery of neuromuscular function from vecuronium-induced block, while not influencing the lag time, onset time and time to spontaneous recovery of T1 to 25% of baseline value, in patients undergoing lower abdominal surgery.
Non-depolarising neuromuscular blocking drugs gradually decrease acetylcholine release from the motor nerve terminal 7, 8 . Local anaesthetics interfere indirectly with neuromuscular transmission by inhibiting acetylcholine release or by changing the acetylcholine receptor to depress muscle excitability 1, [9] [10] [11] [12] . Therefore, local anaesthetic can enhance neuromuscular block from neuromuscular blocking drugs 1, 2, 13 . Local anaesthetics alone can produce neuromuscular block and potentiate the effects both depolarising and nondepolarising neuromuscular blocking drugs 14 . There is no or minimal metabolism of epidural levobupivacaine before it enters the general circulation 15, 16 and the peak plasma concentration is reached in approximately 30 minutes 17 . Toft et al 15 reported that systemic bupivacaine prolongs the clinical duration of atracurium-induced neuromuscular block and reversal time after injection of neostigmine. The current study made use of levobupivacaine, which maintains peak plasma concentrations longer than does bupivacaine. This may explain why (although it did not influence the clinical duration) the recovery index and complete recovery of neuromuscular function after vecuronium was prolonged. Values are mean ± SD. BMI=body mass index, M=male, F=female. Lag time was the interval from the injection of the vecuronium to the beginning of depression of T1. Onset time was the interval from the injection of the vecuronium to the maximum depression of T1. DUR25% was the clinical duration, defined as the time interval from the injection of the vecuronium to spontaneous recovery of T1 to 25% of control value. Values are mean ± SD. DUR25-75 was the recovery index, defined as the time interval from the end of the clinical duration (T1 25%) to 75% recovery of T1. DUR25-TOF 90 was the complete recovery of neuromuscular function, defined as the time interval from spontaneous recovery of T1 to 25% of control value to the TOF ratio of 0.90.
An animal experiment showed that neuromuscular block from a combination of neuromuscular blocking drugs and local anaesthetic is only partially reversed by neostigmine 18 , but is effectively antagonised by 4-aminopyridine, a selective blocker of K + channels that increases the release of acetylcholine from the motor nerve ending 18 This study showed that levobupivacaine affected the recovery index and complete recovery of neuromuscular function but did not influence the initial recovery. Similarly, Suzuki et al 2 demonstrated that an epidural block with mepivacaine did not influence the time to T1 recovery but delayed both spontaneous and neostigmine-facilitated recovery of the TOF ratio from vecuronium-induced neuromuscular block. Reduction in acetylcholine release by local anaesthetic causes tetanic fade of muscle contraction without neuromuscular block 1 . Suzuki et al 2 suggested that a gradual decrease in the amount of transmitter released from the presynaptic nerve terminals during TOF stimulation was the explanation for the delayed recovery of the TOF ratio, despite no delay in T1 recovery, although in their study, the duration of the operation and the supplemental doses of vecuronium and mepivacaine given were not detailed 2 . Although previous studies differed in the supplemental doses of neuromuscular blocking drugs, the local anaesthetic used and the duration of the operation under combined general and epidural anaesthesia, the findings in relation to complete recovery of neuromuscular function were not significant different 2, 15 .
In conclusion, epidurally administered levobupivacaine significantly delays the recovery index and complete recovery of neuromuscular function from vecuronium-induced block. Although the effect in the clinical setting is small, anaesthetists should be aware of the interaction between neuromuscular blocking agents and local anaesthetics during combined general and epidural anaesthesia.
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